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Crude palm oil (CPO), which is available in abundant in Malaysia, is used as 
the feedstock in this research work. The work starts with the analysis of the 
physical and chemical properties of the feedstock and the associated product to 
obtain the major fatty acid compositions of triglyceride applicable in the crude 
palm oil. The kinetic models describing the change in the concentrations of the 
triglycerides, intermediates, alcohol, and the products during the reaction course 
are formulated through the corresponding kinetic mechanism. By looking at the 
kinetic mechanisms of the reaction, the chemical reaction is better understood. 
The ultimately proposed kinetic models of the biodiesel production from crude 
palm oil and methanol under presence of a base catalyst follow the second order 
differential equations without a shunt reaction. The emphasis of this research 
work is on the study of the alcoholysis of the crude palm oil under a base cata- 
lyst (transesterification) to produce biodiesel at a high quality and a maximum 
yield. The concentration profiles of thc rcactants arid the products employed in 
the transesterification are obtained by solving numerically the associated differ- 
ential equations with introducing the published reaction rate constants applied in 
a laboratory scale. The effect of t,he reversible transesterification reaction shows, 
that each concentration profile of the reactants and the products tends to achieve 
an equilibrium after a certain reaction time. 
The simulation results of the kinetics models are implemented in conducting 
experiments in the pilot plant to produce biodiesel from CPO. Due to impurities 
such as unwanted gums and pigment, the feedstock must first undergo a physical 
treatment including degumming and bleaching processes. The high content of 
water and free fatty acid containing in CPO requires an esterification process. 
The main objective of this process is to lower that value a t  a minimum level to 
avoid the undesired effects such as saponification and inefficiency of the catalyst. 
Gas chromatography (GC) analysis method was used to determine the methyl 
ester contents during the reaction progress. Based on these accurate experiment 
data along with the simulation results, a validation was done. Technical im- 
provements in the plant operation can therefore be deduced towards the best 
plant performance and a high quality of biodiesel product. 



























Bibliography 
A Abtlul Aziz. Thc: offort of c'po qiialit,y ~);tr;zinc?t,c:rs (ffa, r n  & i, iv, pv, av , 
dobi and colour) on the refinery production efficiency. In Proceedings of the 
2000 National Seminar on Palm Oil Milling, Refining Technology, Quality and 
Environment, pages 79 - 88, Genting Hotel, Gentirig Highlands, Malaysia, July 
2000. 
J.E. Andrade, A. Pkrez, P.J. Sebastian, and D. Eapen. A review of bio-diesel 
production processes. Biomass and Bioenergy, Elsevier, 35:1008-1020, January 
2011. 
I. M. Atadashi, M. K. Aroua, and A. Abdul Aziz. Biodiesel separation and 
purification: A review. Renewable Enerqy, Else Vier, 201 1. 
Yusof Basiron. Bailey's Industrial Oil and Fat Products, volume 6, chapter Palm 
Oil. John Wiley & Sons Inc., 2005. 
Yusof Basiron and Choo Yuen May. Crude palm oil as a source of biofuel: Its 
impact on price stabilization and environment. Technical article, Malaysian 
Palm Oil Board (MPOB), 6 Persiaran Institusi, Bandar Baru Bangi, 43000 
Kajang, Selangor, Malaysia, 2005. 
Sam Behzadi and Mohammed. M. Farid. Production of biodiesel using a contin- 
uous gas-liquid reactor. Technical report, Department of Chemical & Materi- 
als Engineering, University of Auckland, Private Bag 92019, Auckland, New 
Zealand, 2007. 
Sumit Bhaduri and Doble Mukesh. Homogeneous Catalysis: Mechanism and 
Industrial Applications. John Wiley & Sons, Inc., 2000. ISBN 0-47-471-37221- 
8. 
Arun Bahl B.S. Bahl. Advanced Organic Chemistry. S .  Chand & Company Ltd., 
1999. ISBN 81-219-0061-1. 
M. Canakci and H. Sanli. Biodiesel production from various feedstocks and their 
effects on the fuel properties. Journal of Sociecy for Microbiology, 35:431-441, 
2008. 
Mustafa Canakci and Jon Van Gerpen. A pilot plant to produce biodiesel from 
high free fatty acid feedstocks. In booklitle, number 016049. 2001. 
D. J. Cole-Hamilton and R. P. Tooze. Catalyst Separation, Recovery and Re- 
cycling. Number 30 in Catalysis by Metal Complexes. Springer Netherlands, 
2006. ISBN 978-1-4020-4087-0. doi: 10.1007/1-4020-4087-3\-1. 
JosC: A. Colucci, Erncsto E. Borrero, arid Fabio Alepe. Biodiesel from an alkaline 
transesterification reaction of soybean oil using ultrasonic mixing. 82(7), 2005. 
Dick Copeland and W.Maurice Belcher. Methods for recovering fatty acids. 
United States Patent, (US 6,423,851 Bl) ,  July 2002. 
Edward Crabbe, Cirilo Nolasco-Hipolito, Genta KO bayashi, Kenji Sonomoto, and 
Ayaaki Ishizaki. Biodiesel production from crude palm oil and evaluation of 
butanol extraction and fuel properties. Process Chemistry, Elsevier, 37:65-71, 
March 2001. 
Vinnie Mao D. G. B. Boocock, S. K. Konar and H Sidi. Fast one-phase oil-rich 
processes for the preparation of vegetable oil methyl esters. 11(11):43-50, 1996. 
doi: 0961-9534(95)00111-5. 
D. Darnoko and Munir Cheryan. Kinetics of palm oil transesterification in a batch 
reactor. Journal of American Oil Chem Society, 77(12):1263-1267, 2000a. 
D. Darnoko and Munir Cheryan. Continuous production of palm methyl esters. 
Journal of American Oil Chem Society, 77(12):1269-1272, 2000b. 
Boocock David G. B., Vinnie Mao Samir K.,  Konar, and Hanif Sidi. Fast one- 
phase oil-rich processes for the preparation of vegetable oil methyl esters. 11 
(1):43-50, 1996. 
Ayhan Demirbas. Biodiesel production via non-catalytic scf method and biodiesel 
fuel characteristics. Energy Conversion and Management, Elsevier, 65:l-12, 
2006. 
Ayhan Demirbas. Biodiesel: a realistic fuel alternative for diesel engines. 
Springer-Verlag London Limited, British Library Cataloguing in Publication 
Data, 2008. 
